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CONSIDERATIONS AFFECTING TIPS DE3.'.Q?T OF THE IDEAL 
BOMB ER AlitCRAFT FOR THE ItOYA , AIR tfQimit . 

INTRODUCTION, 

1. The terms of reference for this paper are limited to 
the consideration of tho optimum Biso of "bomber aircraft for the 
Metropolitan Air Foroe. The question of the size and type of 
bomber moet suitable for the equipment of the bulk of the H„A=F. 
in the future is, however, of £>uch fundamental importance, that 
in coneidering it we ahould not neglect the long view, The 
overriding consideration to-day 1b fiat our bombers must be 
suitable, a& rogaitia their rad'na of action, performance, bomb- 
load „ etc, for their pi-lmary role - against Germany- But we 
cannot say who in five years' time will be our moat probable 
enemy; it may be Russia, or Japan, :>r Italy, and therefore, ae 
far aa possible, our bombers must also be suited to strategical 
-oven, and to operation from leas hijhly organised bases than those 
which are likely to be available in this country. 

2, The ideal ia that we Bhbuia be able to reinforce any 
part cf tht P..A.F, by air from any othar part, not only overseas 
from home but vice versa. Bjeperien.09 has shown the vary serious 
administrative disadvantages of a multiplioity of types of air- 
craft and engines when large reinforcement schemes have to be 
put Into operation. This waa j actio ilarly noticeable during the 
JMddle 3aat oriais of 1936. 

S„ We must also aim at ease and rapidity and economy in 
production;, tnd eaBe arrf economy in training of personnel. Thla, 
again, can beet ba achieved by r. r-ed wtion of the numbers of 
types in use., and by standard} nation of equipment. 
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4. "iisrec fi i , ding the Fleet Air Arm and Flying Boat we must 
have at least three basic operational clar.aoo - the bomber alae e 
in which will be included bomber-transport aircraft; the f la' 
cl&asi including both fixed ann moveable gun flghtera; ana the 
g eneral pu rp ose c laes,. which ircluuea army co-operation, general 
reconnol sBfincc**, and the preaer.t freuera] purpose overaeaa type. 

5. It tfiuy be necessary to hava more than one type in each 
claes, and conversely one type mac/ earve more than one olaEs, out 
the ideal to aat before us, sui jeot to these three essentiul 
classes, ia to reduce the number of types to the absolute minimum 
- bearing .in mind that, &ctual?y in service in squadrons for a 
great part cf the time, we aro tound to ht;ve at least two typeo 
in each claBa, i.e, the obsolescent type and the replacement type. 



O.R. airoraft are not includijd In the bomber class because the 
primary requirement in this sphere ia num bers , not bomb-load. 
So. O.R. airoraft should be tapt ua aroall"i(i.e. cheap) an po3Blbl« 
coftei8t3nt with the eafiontial ro<tuirementB of range, 
navigational facilities, etj„ Incidentally they will always 
have somes bombing capacity vhich. since T.hey must have a fairly 
long range, would, when required, ba a valuable addition to 
our striking foroc 



It will therefore be the aim of tli la Daoer to sinrr-ant - e nftoo ,vi„ 

the point of view of operations and administration. 

o minimum ffi JSfSWttS!^ * I,0Dt « lBt * 

•i s*ri k** l8 , C01Blieied ?. ir '0 lbs. is the minimum bonfo 

» hfZiT 't vm hQ re K ar ' lefl « ecoAoralaal, and that the bomber 

rSM"? B " operational radius 01 action sufficient to enable 
It to reach objectives in aastern Oernauy. This would be 760 m.. 
which requires a ran G e 1« Btil] air of S,0CO miles. 

o nr.r, ^eropl£i!\e whi on c . .:r.rr/ L.OOQ lbs, of borib3 fo" 

load I'AfSJ Sf » f * MM m. witSS Smb 

itS'tJ'^J? 0perst '- onttl ran ^' • ,;oh WOUU alloy, it to fly non- 
i«inf yp h?°£ 088 Frtinc «' 07 "On-atop to ?.alta via -JJbraltar 
of v^ l 1 °\ r " r «>™* U1 i« the question of relrfo-cemont 

oj overseas commands ig considered. { J ara B . 57 and 58). 

V. For the purpoae 0? this napsr, therefore th^» vi-mt 
S 1 ^ be 4? 8BU,ned t0 tB ^» aircraft X ranra in UiU al? of 

wl ml i* 18 * ™ B tvpfi 00 re.>r. ? ad to an Type As 

r^vl °??£J na ??* examination wiU U reasonable bounds the uo,er 
possible Limit will be u&auwsd to be ui aircrafl i Ith tlx aL*M» 
end a span of 180 feet, Thera la no SaSJ of Jetting 
bigger than this within the next 5r seven y§^8. 

n.^ *V^ e table at Appenc » A ' is ohova a compa-iuor. of 

eiae and the aircraft of 250 ft. span as the Upper limit. , 

nrm. 1 L i n ; \u h "v 1 ' l v be clea ' r +h{,t >i*iin thsre limito we are only 
ESSE?*! . Wgl^iaaa; ** PW ee that for certain spaoiKiiaed 
purposes, auoh as divewboafcins or torpedo b *taeic againat afcLa, we 

Put thST?^ 8 ¥5 Whi ? h llet 1ul within thaaHwo liSts! 
h i ^ re»!°sut«i to the general miFp aaa olaaa . and 

•Li , JP ? ffi*i**? h,rt ! m oth-irpurpoaeo within ifiai elaaa - 

auch as the duties of Rir oo.jtrcl in iuoh nlaceu aa Aden. 

9. A. other Lmpo^tant point is that of flnonoo. It is uao- 
xoqs contemplatlnji any air f ^rce wliloii la noing to ooat more » 

»*£i tal «, anA re ? ttrp,,nl " ,hai1 ac ■-'■><■■ n aay in round figure sfaOChrtUion 
a year. The oapital coat of toe Initial equipment of th.'s Bomber 
ion Ce V 88 1)eon m a6ti!ln »ed, pMrely for th<: .vurpose cf argument, io bs 
£20 million. Tho number of ii>-cpaft ,hat can bo obtained for tbia 
BUM varies inversely with th? ei/-.< ( but the true oriterion of coat 
of a bomber force is not, however, me.iBared by the capital coot of 
the bomber fleet, but b,y the ooet per ton of bombs delivered at 
thR target in the face of enom^ jppbe ..tion, 

10c Before going any firthar, it is neceaosry to fjet out in 
general tarmu the .:h&r&cteri jtics i-equii'sd of the type of aeroplane 
which would be bes t suited for B n )1<»1 (eat ia the main bortblng 
of l-ensive , 
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3. 

CHARACTBRI3TIC3 Qj.' g ffl ICKAL BOKBBR . 

11. The characteristics of the 'ideal' "bomber must he 
coneldcred under two main requirements: - 

First, the operational requ irement, - the primary one. 

3ocondly, the^dmi_nis< .rative_ requirement - Jncludinr 
manufacture and maintenance"" 

Theae two are closely connected and the seoond, although a 
subsidiary requirement, must, to a very considerable extent, affeot 
the first. 



The operational requirement. , 

12. The operational requirement must be conoideied under two 
heads, first the suitability of the aircraft in the air, and 
secondly on the ground. 

t'lnimum size . 

13. It has already been shown that the aircraft must have an 
operational radius of action to enable it to reach objectives in 
RoBtern Germany, i.e. 750 miles It must have the speed to enable 
3t to take advantage of that rai ge In order to pet the Bpeed in 
an airaraft capable of carrying a 1,C00 lb. bomb load with thin 
radius of action it will be fowxl thot un aircraft of IB, 000 lbo. 
all up weignt,* or conaiderably largor than the Blenheim, ia 
necessary. 

Bombing and navigational facilH ies , 

14 t The ideal bomber shou: d have the best possible facilities 
to enable it -co reach the target under all weather conditions and 
to hit it when it gets there. Ihis treens that it muat have the 
boat possible facilities for tht pilct, navigator and bomb aimer, 
goad intar-conraunicntion, and should be capable of being rabidly 
and easily bombed-up on the groi.nd. It must alao be a good* steady 
bombing platform. TTone of thee* factors will be affacted adversely 
by an increase in aize, and in nany respects the largo aircraft 
would be better. The navigations! facilities in large aircraft 
will obviously be better - the linger the aeropluue the more room 
there will be for navigator's compartment, chart tables, D/P wire- 
less and so on t 



Bomb Loads. 

15.. The object of this section is to consider the factors 
governing the bomb load of the jdeal bomber. Before going on to 
consider this problem, it ifl worth re-iterating thut: - 

(1) Tiiere ore five alternative types that we might build. 

(ii) There would be ovorwheilminp. advanta 'as in having our 
whole 1 etropolitan bombar foroe (and Commando abroad 
if possible) armed w th ore type. 

16. The most dlffaoult target that aircraft will be required 
to hit will be a uhip, because ,he ttrget ia email, well defended 



* See Type 'A', Appendix 'A'. 



way offer itself for a limited t.uue, tnd material damage, sufficient 
to sink too ",Mp, nust bo onused Phf proportion of the totul 
bctnbing effort that will lie expemdaft rgainet. aliipa In a Home befance 
whp la likely to to^ vory bhioH: on the other hand an enemy i'leo^ 
niiyht be an extremely impopiant argel , against nhieh the bulk of 
our bomber force would have to bfl com entrated for a limited timo; 
moreover it would be unsound not only strategically, but also from 
an administrative and supply pol it of view, to hove only a small 
proportion of our bomber force Bpeoially declined and eouipoed to 
operate acalnat ehipu, " 

17. The type of bomb re<ic.t:«ea U destroy the moat heayi.lv 
protected tyo« of ship - the dap tal thip - laj- 

(i) ^Jer way, a bomba m\ 'hir-r 3^0 Iha. each, 

(ii) atationary , the %00b b. A.: J . bofeb, 

3o we may conclude that the i'iir.im,T. brmto load required if all bonfbsPs 
ere to be able to attack onrltal shlpr, ia therefore 2 c jO Vbe„; 
thi3 can be carried either as oiw B,OCQ lb. A.!-, bomb, " cr as 8 - 
85c lb. 13, bombs. 

16. The following Wthode oj attack mar bt> >.<aed {mains;. Ships: ». 

(i) Dlva -bom blr?^, Jigs ib probttbly the -nost ef fee Live way at 
present, but it Is mo u. thi.n doubtful, if steep dive 
bombing; which hfifi sl-'m Bt.elh accurate reranlts, will "oo 
possible with high performance niodern types of a niae 
to carry 2,00'J lbo« o ." boitiJis, I ib, however, probable 
that mo-iern typae will *be iiele to curry out a modified 
form of dive borribihg. The angle of dive will be '.less 
eteap, probably about 80*> end iha hei b bt of release Mrill 
bs higher, with resultant '. onu o>* accuracy, tout trial* 
c-lraady savvied out, >j Blifiaheim, Battle, end welleelay 
Squadror;a have shown [uite promising rc3Ulta it is 
also probabl<* that, c. i. larn, suoli ixs the lauding -edge 
flap no-.? bains developed b;- the Bristol KsrorAcme Co., 
may moke it possible Cor n»>dern aircraft to 'live at 
ctooiier angleo, 

(ii) High Altitude (lovol) oombi:ig - (For une against ahipa 

at anchor in « »v?onj.;ly 35: .'ended b-iae) - W obtain the 
beet duinoe of nlttinjb a itiok of bornba its .uplo/edj 
attacking th« sal) t'r. tr. i beera, Such bomb of the 
efek mast be big enough to do its Job, i.e. 2,000 lba, 
In war conditions^ against opposition, 1<>,* of hit* ia 
Bit optimistic aaUroets s/en tbia involved a bomb load 
of at ltiaot .20, QUO lhe- if to get ft reasonable 

eh«nce <if hiV.Ua: tvon a a Ingle aeroplane ■ 

(ill) iiow Lovel bQP.jj.tng at high speeds acrose the bows of 

slnpo at sea, With B Bomba is probubly the most effective 
method, but it Is opt l>:lstic to o^poot in war more than 

of hits, i.e. i hit out oj the 8 B bombs thtit car 
be oarrici. in xh<i 8 r C00 lb 3.- bomb load. 

(iv) gajWMkto, pWlng to inrraafsaa pi-oteefcion of ohi.ps by 

TjuIgvJB ai'td Jncreeead A .A. armomeat of Fleets torpedo 
attack ia nowadays i moribund oiethod* If 3 .'imlt.ed 
number of torpedo bombers are oonaidared reoesaax*.v for 
coast defence s c.k. ■■'■■„' ehould be the same type 
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5, 

ut» the F f .Ar.'., torpedo-pTp'vj ~ In any oaan 
a limited number only w-.u be renuirea, ana tme 
requirement should not affect the basic design of the 
Bomber claae. 

19 . For the attaok of ships, therefore, a tomb load of at 
leaBt 2,000 lbs. is required, while i. load of 80,000 lbs. would 
not be too much,, 

20. To turn now to the at jack. «f targets other than ships, 
it is clear from A. 3, 1.1,56 that both the 500 lb. and 250 lb. bomba 
are essential - of the 16 most .mpoiM ant targets listed, 11 arc 
suitable for both types, 4 reqn:.re 2f0 lb. and 1 requires 500 lb.. 
3o obviously the Ideal bomber Bluet be' able to carry a reasonable 
number of 500 lb. bombs, with an ultc rnative load of as many aa 
possible 25C pounders. 

21. We have aeen that it .8 det.irable that all bombers should 
be able to carry at least 2,000 lbs. of bomba for the purpose of 
attacking ships, and all bomberu ohov.ld, therefore, be designed 
(possibly with sone minor modif ..cet.lc n so that a proportion are 
always available, while the res; could be rapidly converted j to 
take the 2,000 lb. A.i'. bomb. It is worth inquiring whether it is 
likely to be operationally economical to carry lean thun four 

•TOO lb. bombs or eight 250 lb. iiombs in one eortie for any purpose. 

22. This can be answered in fai.rly general termo: - 

(i) The ci.nimum effect to be a:wsd at, ( purely from a 

bombing point of viev/>, in that each bomber 3hould 
be able to carry as Many bombs us will give him a 
reasonable chance of getting at least one hit 
u nder war condition i |. II we assume that the cnanoe 
of hitting will he 1;5,., ai«d it 1s certainly not likely 
to be more than that, ten bombs will be required,, i.e. 
10 x 250 = fl l 500 lbs. or !0 x 600 = 5,000 lba. 

(i.i) Apart from this, them is '.he question of the "proportion 
of effort" (excluding risl: of loss which i3 considered 
elsewhere) required jo ge"- a given bomb loatl to the 
target. The typtf 'A carries 1,000 lba., if the 
s ame ai rcr aft oould -icrry 8,000 lbs., with the aeme 
orew, it oould deliver fcv;..ce the woir;ht of bombs at the 
target - or at more than one target - with the same 
effort, same amount 5f tine spent over enemy territory, 
same work required b;/ crev and ground personnel, same 
expenditure of fuel, etc. Aa aircraft get bigger and 
aB ranges increase, the crew, the size and number of 
the engines, the fueL expenditure, the number of 
ground personnel req iired : etc. increase, but not in 
proportion to the bomb li:'t - ao from this aspect, with 
a minimum essential cudiun of action of 750 miles, 
which requires two pilots whatever the size of the 
aeroplane, operational ec ;nomy increases rapidly with 
size. 

(ill) it ie sometimes argued thai 8,500' lba. would be too 

much in many cases - i^e. that there are targete which 
do not require as much a3 10 x 250 lb. bonfon or 6 x 
500 lb. bombs. This may je true, but the point 1b that 
at least ten 250 lb. bomba are requlrod in order to 
oiiBure one hit under war ;onditiona, and there must 
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6, 

bo WWW -ft"' targate for which one hit vflth a gig UK 
borat la t< o much . 

(iv) it, there- suy objsot operation/ liy In going bigger 
a bill? Aio area fny targRtr whloh require more 
than 2 v 50i lbs.? Certainly for capital ships, while 
for stttejp targets trie principle of economy of effort, 
woai'.l Jr.sl ifv o good deal more, cf. ore 3ortja may 
a'iiteck twe d..ff ;-wrT. o'cy^ctivaB an route to it* main 
cbSeot.i.ve, an-i t-vo nova on the way back, aey five 
6 i ff erent tcrgata in jrie surlie - in other words, 
one large aeroplane mi^-iit be the equivalent either 
of a form* %±6t >f t taller onen attacking the cane 
target, oi o numbei of single smaller once attacking 
d if f e rant t ai*ge fc s . 

3ft. A -i ice ai column of Appendix 'A' will show that 
the total bomb lift tbtainable for a capital cost of C2( ,,000,000 
increases with Whe olse of tlie indtviiVu.l bombor. vhe most 
important inercuae, i owever, pcOttps beV/.een "y^ea 'a' aii'l 'fc' I 
and the Increase betvean '■•■~ r .*tv '7\' unci '3' i i small oompared with 
the large i-euucvicr. cC nun.-.ars of aircraft. 

Mi, The condor ion under this head is that tho BroelJest load 
worth aonaf ilering is 2,000 lb, while from thi-; bombing point of 
view there are advent ages tn bavins aircraft «ith a normal load 
of anything up to BO.OOn lb. There aear^a to be no reaecn for having 
a nixed foroe oonslal ing or bombers with differ in? load carrying 
capaol tifio, 

Contr ol . 

25. It ia far easier to control 3B3 ai.-ereft of Ty^a , h t than 
1360 aircraft of Typt 'A*. Apart froi.i the obvious ease of 
despatching indlvidutl aircraft instead of formations, the control 
of returning aircraft i^ bad weather would b': muci: simpler. One - 
of the great diff iou] tier, af operating e bomber force wiJJ be 
control in had weather, ■• • : .inter theee cond.xicna, congestion in 
the air should be, ai far la possible, -.voided. A reduction in 
nuirbere Will do tnuch to aa at in the solution of this problem. 
There- will be, incjuc in;- ; '-erne H, -AC bember stations in existence 
Which, with Tyi e *A% would lean et: average of 34 aircraft per 
station, With '£', 1he number could be reduced to an average of 
17 pc-i- at at ion. 



''ROTgOTIOH 

26. The 'ideal 1 bomber inuet ba capable or evading oie dealing 
afieouate'.y with, oppofit:io/i on its way to and f.-om the objective. 

It has beet. mr.r sted that it ia pusaible for .he bomber 
to rely for ) cs protfctiot entirely upon evasion. It in r of course, 
tm>e that the aeropime hss no means of protection against A A. 
fire excopt evasion, and jt is arrrued that, hj> eliminatlnQ dofendiVC 
firmamontfi, the apced of th.ti bouiber can be so rr.ach increased that 
it can afford to r«lj *./.or. avaoion in order to protect ii. from 
the fighter also. 



27. It o!in„ hove.er, be urgeo againat tho adoption of suoh 



a policy thet:- 

(i) The unarmed bomber cannot rely upon being faster than 
the contemporary fight**". '.£v«n If It could approach 
this condition when it wan first produced, it would 
vory rapidly become obuo leooent. It would therefore 
require replacement at very frequent intervale; 

(Ai) 'I'he pooseosion hy the bomber oi defensive armament wlXl 
tend to make the fighter keep his di stance, and will 
mean, in practice, that a proportion of bombers attacked 
hy fighters 7/ill not he destroyed. If, however, the 
fighter knows that the fcoiwer has no armament, he has 
nothing to fear and can close in to point blank rangs 
and taas.e r:ertain of a Mil, 

The relatively hi3h speed of the unarmed bomber might 
givo it & ,-eaoonnble ahance o avoiding interception by fighters* 
uncier conditions of darkness or bid visibility, but in clear 
weather it is herd to believe that ouch bomber 9 wouW bo ablo to 
penetrate fay in the face of Q modern system of fighter defence, 
i.hile there might be something to be said, therefore, for building 
the unarmed bomber for uoo at -i<?ht or in thick or cloudy leather, 
it la nuite obvious that for genera], use an unarmed bomber could 
not be accepted. In the intereete, therefore, of the all-important 
principle of reducing the numbor of typen to the absolute minimum, 
we recommend that the inclusion of any unarmed bombers in the 
force should not be considered , 

£9. 'i'hus the ideal bomber must have I'- 
ll) Defensive armament anu, possibly, protection 
(i.e, armour) . 

(11) Capacity for evading anti-aircraft fire. 
Defensive A o rnamen t.. 

30, If one type of bomber,, therefore, be adopted ior general 
ubo it must be equipped with defensive armament. This armament 
should be capable of developing a volume of fire sufficient to 
onrage the maximum number of fighters which cun attauk simul- 
taneously and the fields of fire of the guns should allow of the 
amalleRt blind area possible, 

31, At the present time the Air Forces of all countries rely 
primarily noon fixed gun fightero for the attack of bombera. 
3xperimantal work at A. and A.E.3. end at A.P.D.B., (ana also, 
practical experience in the Spanish war) has shown that the moaern 
high performance fixed gun filter can only operate suceacaiully 
in the BStern attack.. The defensive armarient for the bomber hoe 
oonaequently been arranged primarily with a via* to dealing *ith 
this form of atttch. ©*ie hea led to the adoption of power- 
operated turrets mountoo in the tail to carry^ four rnma. rhese 

turrets ho*« approximately a traverse of lHO' 3 , an alevation of 

6C 6 and a depression of A5°„ 

33. l'ower operation for these turrets in essential aa it 
hra been found impossible to uao mamiel operation at speeds in 
excess .if COO miles an hour. Tho power-operated four-gun turret 
equipped with 1,CC0 rounds per gar la a bulky ob^cc of an 
unstrearalined ahape and its weight la approximate^ l,oqg iba. 
li in an i u,o .nihility to place such a turret in the tail of a 
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bomber of the else of type 'A' . The only type of power-operated 
turret which cun be mourned in thle aeroplane is a two-gun turret 
in the emidohlp position. The volume of fire available from such 
a lurrct is only half that of a four-gun turret and its field of 
fire astern ia limited by the obstructions caused by the fin, 
rudder, and tail plane. Its field of fire downwards is almaBt 
negligible. 

33. In the type 'B' and larger bombers it ie possible to 
provide a four-gun tail turret without serious interference with 
the structural design or the aerodynamic qualities of the aeroplane, 
in these large aeroplanes the fuselage structure near the tail 
must necessarily be of a certain size in order to take the loads, 
and it is not possible to taper the fuselage down to a fine point. 
Consequently the fitting of a powerfal tail turret does not 
detract appreciably from the perf ormance. and the larger the 
aeroplane the less is the relative reduction in performance. 

34. The size of the type 'A' bomber does not allow of the 
fitting off a power-operated turret, in the nose. Forward defence 
must be provided either by fixed guns or by manually operated guns 
having very restricted fields of fire. 3uch forms of armament 
are extremely inefficient when compared with the power operated 
two-gun turret which can be fitted to the type *B' and larger 
bombers. The combination of power-operated nose and tail turret 
gi^es the type 'B ' bomber an excellent field of fire with only 

a small blind area above and below. Any fighter aiming to attack 
in this blind area is likely to have to pass through the fields 
of fire covered by the nose and tail turrets. As opposed to thiB 
powerful and effective 3ystem of defensive armament the type 'A' 
bomber can at best be provided witjh a two-gun amidships power 
operated turret, plus an extremely inefficient, limited system 
of forward defence. The fire power of the type 'A' bomber is s 
therefore, small and it3 blind areas are large. 

35. Air Forces of all towers are now burning their attention 
towards the turreted fighter and to guard against attack from such 
fighters it is desirable to provide some form of downward defence. 
The retractable "dustbin" turret has been designed to combat such 
a form of attack. Thio form of turret cannot be streamlined 
andjWhen extended, causes an appreoieble loss in performance; but 
on the other hand, it reduces the blind area below the bomber to 
practically nothing, and in addition enables the bomber to re- 
inforce the fire power of either nose or tail turret with two 
additional guna. The type 'A 1 bomber is too small to allow of 
the fitting of this form of turret, but it oan be fitted in the 
typo 'B ' and larger bombers, and in aeroplanes of this size . the 
turret represents t> comparatively small proportion of the total 
drag. New designs of dragleso turrets for downward defence are 
being developed but all ouch turrets must be of a size and weight 
which precludes their beinG fitted to the type 'A' bomber, which 
consequently la extremely vulnerable to attack from turreted 
fighters,, 

36. Although the great majority of military aeroplanes of 
all countries at the present time are equipped with machine guna 
firing a bullet of ,b or less calibre, Increasing attention is 
being paid to the development of larger weapons capable of firing 
explosive sheila. If such weapons should be adopted the target 
would then become the entire aeroplane structure instead of the 
crew, engines and tankB, which represent the target of machine gun 
fire. The target area available for the large calibre weapon may 



be noythlnw tip <,o, or oven ov twelve times the area of the 
■Argot presented to th« machine gun, as each weapons will probably 
tthoot Lt tha plan view oi' the eeroplare. 

37 . T'oo advent, of large calibre weapons firing explosive 
shells vlli make the problem of downward defence even more 
important than It is at present, if it be aeoldefl to .standardise 
one type of bomber ove;o a period of years this type must bo 
capable of Meeting attack from ouch weapons. In ae^opianea of the 
olae of type 'B' and l.\r£er It will be possible to mount "lerfe 
calibre weapons In the noae and toil tad amidships. There is 
filao a possibility th-.t the large aeroplane may have *r.inga thick 
enough to accomodate turrets in 'oho ving, which would nako 
posoible a considerable increase in the defensive power. 

■'' ormatiun fl ^np; . 

. 8 ?' ' Che defensive ar«aWent of bombers ie inti.mtely connected 
'fith uhe question of formation flying, Advocates of the anall 
type A' bo-aber claim that the fiix power of a eub-furiotioo 
:o. f ive of t.hese bombers is approximately equal to that'of one 
nS**^ l,0 ™ ,or . f 11i t «4 witfc modern noes, tail hi*' "iohipa turrete, 
un ohe other hoar, tne alngla large somber represents a fa*- smaller 
target than the sub-formation and it cannot be ttttaokefl by so 
many fighters at onoe. Nor can a fighter shoot, at two w more 
bombora in line. 

39. The very limited armament of the type 'A* bomber coraiela 
such aei'oplanee to operate in formation, whereas types 'B' to ' 

« are capable of defending themselves when operating indi Fiduoily . 
The advantages of heir-.-; able to do bo are very considerable, and 
may be enumerated ss follows:* 

(i) If aircraft are capable of operating individually instead 
Of in fonnati.cn, it will increase the number of 
"Missions" that can bu Sent out, otic" this will auto- 
matically increase the nuabsr of intercootlone that anew 
fighters Will have to mak». This Willi on tho average, 
reduce either the number of fighters vhat can engage one 
bomber, or the number of the bombers that oan be engaged. 

(ii) An aircraft can operate individually in conditions of 
weather and visibility which Would make fox-nation 
flying impossible, or at jejt possible only for very 
experienced and iigbly trained pilots. 

(ili) The necessity of flying in formation naturally reducee 
both the oruielng speed aid range of a given aeroplene. 

(iv) A formation of small aircraft is more eaaily dotected 
and held in view by defending aircraft and guns, then 
a single large? aeroplane oapahle of carrying too 
.same weight of bombs. 

(v) A single aircraft onii make the i .mtimum use of clouds 
for concealment and evasion. 

(vl) The abolition of formation flying from the training 
syllabus, would allow more time to be given to 
navigations ^omb aiming and the study of taotica; 

40. The ability to operate individually has also a \ 
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^-.iao;>cl>j.c bearirjs on the ciuostion of protection from A. A. fire. 
lhc l anunl of Air Tuctics, dfialing with anti-aircraft fire, makes 
it clear that: - 

(1) A round fired at the leading aircraft of a formation 
at say 10,000 feet haa a fair chanoe of hitting 
another aircraft if it io flying within 50 yards 
to the flank and within 100 yards behind, 

(11) Aircraft in formation are better targets for anti- 
aircraft guns if they are so cIobb together that 
an effective round for one aircraft is also effective 
for another. 

41, Aircraft should therefore he separated in formation by 
a distance in plan of at leant 100 yards, and aa thia is too 
far for adequate supporting fire, it follows that the forrnutlon 
«5 *® oap ?V l0 rapidly "oponing out" to cope with A, A. fire, 
and of equally rapidly "doBing in" to deal with fighter attack! 
Apart from t he faot that tnlG , mpliea a hlgh etandard of alp 

drill which may be difficult to obtain with war-trained pilots,, 
it is by no means improbable that the increased ranees now 
contemplated in air fighting may moke it possible for a bomber 

IL LT^ i&0 ^ t0 A,A * fire anci Zizhter attack simultaneously, 
ihe idem sub-formation la therefore a single aircraft which is 
fttlly capable of protecting itaelf, and which will be able to 
evade anti-aircraft fire by manoeuvre far more easilv than a 
sub-formation of smaller aeroplanes. 

42. The single large aeroplane will have a mueh smaller 
total vulnerable area than the nub-formation of smaller aircraft 
and if anti-aircraft salvo misnes it, no harm is done and there 
are no other aircraft close by to be hit. On the other hand, 
there io the disadvantage that one hit by an A. A. shell may ' 
aeetroy the single large aeroplane, though it is unlikely to 
destroy more than one or two of a formation of smaller aeroplaaea. 

43 Tha oonolueiona under the eub-heading "I-efonslve 
ftrmament" may be summarised as follows: - 

(i) Owing to the small size of type 'A' it is impossible 
to provide any armament other than a two-gun power 
operated turret ami-lahipH and very limited forward 
armamcn t > 

(ii) The type 'A' cannot be adapted to meet attack from 
turroted fighters. 

(Ill) Tho type 'A' oannot be adapted to meet attack from 
large calibre weapons firing explosive shells, 

(iv) These limltutiona mean that this type of aeroplane 
must be operated in formation and it is therefore 
more vulnerable to anti-nircraf t fire ano lighter 
attack than is an individual aeroplane „ 

(v) The type 'B ! and larger bombers have the following 
advantages: - 

(a) They can be fitted with a powerful and effioient 
four-gun turret in tho tail. 
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(To) They can "be fit bed with a two-gun power 
operated turret in r.he nose, 

(c) Provision can be mode for powor operated 

turrets amidships to meat attack from "below. 

(d) The aeroplanes are of a size which enables them 

to carry, if necessary, largo calibre weapons. 

(e) Their armament io powerful enough to enable 

them to operate individually,, which not only 
renders liiem less vulnerable than formations 
to both fiprhtoc and anti-airoraf t attack, but 
also has many operational advantages. 

(f) The large aircraft will be less liable to ba 

put out of action oy machine-gun or even 
cannon fjtre, Lrjcauac the main load-carrying 
structuro, beiig larger, ie more able to 
resist duniage by bullets or sraall shells. 
On the other hand, by increasing the size 
and thertsfore the relutlve importance of 
tho bomber, it becomes more worth destroying, 
and action stch as ramming bagins to come 
into the practical picture. 

44. It is, of course^ true, that en aircraft, for instance, 
of Type , C\ is a larger target than one aircraft of the Type 'A', 
but, although it will ca:?ry from 4 to 12 times the weight of bombs, 
its span villi only be S6/100 ft„, as against 58/60, an increase 

of only 60,i. It may also ue slightly less manoeuvrable than tlie 
smaller aircraft, but high mtmoouvrability is not an important 
reouirement in a bomber, and it Is oe .*v.aln.ly much more manoeuvrable 
than s sub-formation of smaller aircraft capable of oarrylng the 
same bcinb load. 

Armour - 

45. Up to the present time very little work has been done 
in the way of providing srmov.r for bombing aircraft. With the 
advent of larger Dombin<r aoroplanes t having a large disposable 
load, F.rmour plate may be worth consideration. 

To be of any use against oven -503 Armour .eiercing 
bulieta, the weight of rrmour must be very considerable, for 
an armour plate box proof against the .30S A,i'. at £00 yards, 
capable only of accommodating the pilot, -.aould weigh approximately 
1,300 lbs. This effectively puts it out of court for smaller 
aircraft, it would, ror instance, more than nbnorb the entire 
bomb-carry ing capnolty of type 'A . On the other hand, if the 
full bomb load wero IS, 000 lbs. (type 'C') it might be well worth 
saorif icing 90/» - say 8,500 lbs of bomb load for that weight of 
armour, if by so dolnj you coul<5 increase the chances of the 
aircraft reaching the target anti get/ting bacK again by mors than 
that percentage. Lioroover the moral effect of a certuln amount 
of armour would be very valuHble. 

46. It might be possible to have a small armoured control 
cabin forward and an armoured bulk-head aft to give some protcotlon 
to the crew (from the point of view of morale it would be 
undesirable to give armour to the pilot and none to the crew) 

It is obviously not possible to armour all the tanks, but 
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arrangements for sub-dividing the petrol into a number of 

subsidiary tnnke with adequate jatt'aon facilities is worth 
examining, providing its disaavantu&eB in the ehape of extra 
complications do not outweigh the possible advantages. 

47. It appears, therefore, that it is practicable to provide 
boiuoers of Type *B' and larger with armour against the ,303 
DUlle*. If enemy fighters use larger calibre weapons, however, 

it will be quite impossible to provide adequate armour in any 
aeroplnne within the upper limit of size, especially if a 
proportion of A.P. ammunition is used by the enemy fighters. 

•Ipjsed. 

48. Although, we have 30011, it would not b« eound poUoy 
to rely on speed for protection to the uoint of abolishino- 
defensive armaments, the ability to fly at high speed haa"t.he 
lollov/ing advantages. 

(i) It reduces the margin of speed possessed by the 
fighters end, aa a ncnaociuence, increases the 
difficulty of interception. 

(ii) It reduceo the time Hpent over the eneity's territory, 
and therefore the time spent in. a defended srea, ' 
for a given depth of penetration. 

(iii) It increases the difficulties pf the A. A. gunner, 
since tha aeroplane, at a given height, travels' 
further during the peripd of calculation ani the 
time of flight of the shell. 

49. A glance at Appendix r A' will show that speed tends ;o 
J.ncreaeo with sl-ie tintil an all-up weight of 60,000 lb. is 
reached, "ram tlic point of view of speed therefore, increase 

of alze is an advantage. It is worth noting, in thie connection, 
that the giant type 'B' is substantially faster than the omall 
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, „ B0 " '?he gen eral conclusion,, therefore, undoi- the srub-heacdng 
ox Protection" seems to bo that in tho air the balance is 
strongly in favour of the aeroplane of Types 'B' and V. and 
that the chances of its loss, either ivom anew/ ilghtera' 0^ from 
A. A. five, are much less than in the case of the e-i-.aller torero; ane 
of Type A . Uith an Increase of oize to Types W and 'K' the 
advantage la not maintained, au where is an increase in gouraofcrical 
size v/ithout any considerable increaae in fire powor or speed. 
Type 'It' in slightly fuatcir than Type* *B' and % 0K but Type 
Uaa the Same speed aa Type 'C'. 

■if foot of losses . 

51. Column 10 of Anpendlx 'A' shows chat for a capital 
expenditure of £80, 000,000 we oan ht-vet- 

1,380 Type 'A' 

683 Type 'fl' 

490 Type 'C' 

383 Type *»' 

166 Type 'B' 
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jui asroiiisno o£ whateror ni*e it- otill u. fragile thing, 
r the eepoe tfcat it. in easily destroyed, ana it 1b obvious that 
?»3 Mit with ar. .' .«>., shell rr- ft cr^h (oven a bm^ied forced 
LandiOBJ might e&otaoy an ais-or-cft of say type eaiuAly effective'' v 
It has oeon said, th'^slora, that it is not sound to put 'too 
many er-jge in one bRakeS". liaoh individual niroruft v/guM ton! 
to become too pr.3o.TauB •- tr.ore would probably arise the same 
tendency ^o avoia riakir-r it that .raa noticeable In iho last war 
in respect of luoge wcrehips. 

+h » Si. ^f,?^ 1 * 10 ?' however » is really ona of the ratio between 
the vulnerability and <?a&e of 1-eplucement of th3 various types. 
On the basis of coat ertf induutrial effort, it would be rather 
easier to produce Type 'S f (total bomb lift 44,000 lb D .) than 8 
fype A (total bomb lift 8,000 lbn.). The question is whether 
we are more or leas likely to lOBa one Type MS' than B Type 'A*. 
It ie not poBsible to a3aoss irltti accuracy the relative 
vulnerability of each type, but it i B worth noting that if we 

iSKti gS ^%°or SmVL% f typeBt WB find that *• 8h0Uld 



53. On the aome assumption we should lose 2 Type 'A' fo" 

«rrn^ P \? J5*V* Bh ? Uld « alf,0 > on of coat and industrial 
ellort, be able to replace ona Type 'it' (total bomb lift 8,000 
ll>a.) as easily as two Type 'A' (total bomb lift 2,000 lb.). Prom 
the arguments in paraa. 26 - 4T it appears that we might well loao 
toot* than two Type 'A' for one Type 'B» . 

54. In many ways the larger types show an advantage. In 
the matter of equipment, for instance, the loos of one bomber, 

or whatever size, means the loss of one automatic pilot, one bomb 
sight and so forth, i'rom the point of view of personnel the lurge 
aircruft also hao the uflvantags, for the loss of one Type 'K' would 
Involve 2 pilots and 6 crow, while the loss of eight Type 'A* 
would involve 16 pilots and 16 crow. 

55. Broadly speaking, therefore, if the rata of wastage is 
the oamo for all types, there is little to choose from the point 
of view of ease of replacement, but the larger aircraft has aome 
advantage in the matter of equipment, and a large advantage from 
the point of view of personnel, 

56. Although It hoa been shown, that Typo 'B' is a good deal 
laes vulnerable than Type 'A', it 1b probable that a further 
increase in oize would not be accompanied by a proportionate 
reduction in vulnerability . it v,ould for instance be worth rummlng 
the larger sizes. Type '3', or possibly Type 'C, is probably 
therefore the bast compromise. 



57. The importance of strategic mobility wae referred to 
in paragraphs 2 and 4 above, v.hen it waB pointed out that a range 
of 2700 miles without bomb load was required in order to enable 
a bomber to fly non-stop to Egypt aorooo Prance, or non-stop to 
t/alta viu Gibraltar. 

68. At Appendix *0' is a table showing the loads that could 
be carried by the five types when carrying reinforcement flights 
with a range of 2750 miles. Type 'A' can carry 22£0 lb. with the 
1000 yds. take-off, but Type 'B' can carry three timea as much - 
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6630 lb. The ail vantage of being able to oarry uuflioient main- 
tenance personnel and equipment, to anoble the unit to operate 
on arrival, and until the arrival of supplies through the normal 
linos of communication, has tended in the past to he under-rated, 
und cannot be too highly stressed. 
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59. The aircraft muBt he *ble to operate with full load 
from aerodromes in this country and from as many as possible 
overseas. Aa all bomber aerodromes at home and principal aerodromei 
overseas will permit a take-off run of 1,100 yards, it is clear 
that we can regard the loads shown in coluniij 4 of Appendix 'A' 

aei practicable. The first point to note ie that Type 'A' cannot 
take advantage of any increase of run over 70C yards as, in order 
to obtain the opeed shown in noiumn 5, it is neceBeary to keep 
the fuselage ao Bmall that no bombs in addition to the basic load 
of 1,000 lb. can be carried. 

60. There is a limit to the weight per wheel which can bo 
supported under all conditions by a natural grass-surf aced 
aerodrome, but provided that the tyre pressures are kept low 

(35 lb. per eq. in.) there la no more risk of damage to good grass 
surfaces than with smaller aeroplanes. If, however, it should be 
necessary greatly to exceed this pressure s^mo form of prepared 
surface, auch as concrete, must be adopted. Apart from the 
question of expense, which ia considerable, concrete ei.\rfaces have 
two very serious disadvantages:- 

( 1 ) They increase the power of air attack to interrupt 

the operations of a bomber force, both because they 
are conopiouous from the air, and because they can 
be smashed by bombs. 

(ii) They reduce the mobility of air forces both in 

the strategical und tactical sense, because air- 
craft carrying full loads will be forced to 
operata from a nocosanri'y limited number of 
speciully prepared and organised bases. 

The optimum size of bomber should not therefore exceed that which 
can operate from natural grass surface. 

61. Prom recent experiments, it appears that aircraft up 
to and including Type 'C 1 can be operated from normal aerodromes, 
although it is not yet quite cortain that TypeB B and G will 
be able to take off with the full load shown in Column 4 of 
Appendix 'A' . Some reduction, which will probably not be large, 
may have to bo accepted. 

Vulnerability on the ground. 

68. It is also necessary to consider the relative 
vulnerability of th« large and small slroraft on. the ground. 
The larger a bomber becomes, the more difficult is it to conceal 
and give proteccion to each individual aeroplane on the ground. 
On the other hand:- 



(i) The increase in geometrloal size is not proportionate 

to the incroasad bomb carrying capacity, For instance, 
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an. aircraft of Type 'A' would havf, an area of 
approximately 800 sq. ft. for a bomb ltfti of lOt-0 
Ins., while Type 'B' would have an avea of about 
14C0 eq, ft, for a bomb lift of 300U lb, 

(ii) iJuppoao the total bomber force chould consist either 
of 68S Type 'B' or 1,880 Type 'A 1 * the former could 
be far more easily and cheaply dispersed on the 
ground, either by tne 3ame degree of dispersal 
on +iel? the number of aerodromes, or by -.ridur 
dispersal of the aircraft on the same number of 
aerodromes. 

63, A bomber fleet ecuippefl with Type *A' would present .-in 
area of (1580 x 80,0 sq. ft.) approximately 368, UOO figure yards 
r 0 r a bomb lift of 616 tons, while if equipped with Type ')'.' it 
would urescnt un area of approximately (563 x 1400 sq. ft..' 310,750 
square yards, for a bomb lift of 2424 tons. On the ground, 
therefore, the balance appears to be in favour of the large air- 
craft, mainly on account of the advantages in concealment and 
'Uoperisal given by reduced numbers., which more than of feet 8 tho 
xncreaoo ir, geometrical size*. 

K anni np;, 
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64„ At Appendix 'B' is a table showing a comparJ.oon of ?■ m 
numbers of t'lyinp personnel required to men a bomber fleet 
equipped with the five types of aerc-p'ow*' For tho pUi-poae ot 
this comparison It has been aanumed. that tne numbers or eeropliiiies 
(specified in Coluiim 10 of (VppeirUx 'A' ore initial equipment only.- 
It will ne neen from Column 11 of Appendix that tho touel 
number varies from 5620 with Type *A« to 1320 with Typo 'a . 

65. rf, merely for the purpose of comparison, v;c assume a 
wastaae of 83# of initial equivjment per month in war, then f.he 
force will reouire the following nnribera of pilots per monih. 



If 


equipped with Type 


A' 




920 


1> 


« « 




'D' 
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215 


11 


n It 


41 






111 



66. In order to give soma idea of what such wastage invrl^es 
if we assume that ihe average output of an . in «a* time 1» 

20 pilots per month, then the bombe- tfiM ^norb the output oi the 
following number of P.T.a.'e. 

If equipped with Type 

H •• " 

•I It It " 

It II » " 

II n it n 

™ 3ee Appendix * A' Ooluran 10. 
+ See Appendix 'A 1 Column 6= 
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or. a j may Da argu8<l that the larger types of aircraft 
will require a more experienced type of pilot, who would "bo 
difficult to replace In time of war- The large bomber, however, 
which le fitted with an automatic pilot, and which dees not 
reqiilre to fly in formation, will not demand a particularly high 
degree of piloting skill except for tpking off anil landing. 
There Id nothing inherent in the design of the larger "bomber which 
makes it more difficult to take off of land, and it is clear that 
if pilots need not he trained in formation flying they will have 
a great deal more time to devote to tjike-off and landing practice. 
There ie also reason to hops that the design of wings and undor- 
carrlagea may in the future be improved (leading edge flaps and 
the Dougleo three -wheeled undercarriage are examples or what is 
meant ) 3 and the technique of the approach and landing made 
considerably easier. 

68. aimllarly, the force will require the following 
replacements per month of air observers and ..'A 1 operator air 
gunners: - 

teJ^aWWHtt air winners . 

Type 'A' 690 690 

" 'B* 342 683 

* '0' 245 735 

" 'D' 16P 646 

f 

« 'E' e3 532 

Thus, while the numbers of air ohaarvet'o are, like those of 
pilots, directly proportional to the numbers of I.E. aircraft 
in the fleet, the numbers of W/T operator sir- gunners are 
approximately the same for Types 'A*, "B 1 , and '0' . This is due 
to the increase in the number a of gun poeitlona per aircraft, 
which counter-balances the reliction in the numbers cf I, v.. air- 
craft in the fleet. 



69. There is therefore a progressive decrease in the total 
numbers of flying personnel required with increase in size, and 
the larger the aircraft the moro oconoraicul it is from the point 
of view of flying personnel, it haa seen shown above that the 
wastage rote of Type 'P' is likely to be let»B than that of Type 'A', 
and Type 'B' would ihereforo ahow an even greater economy in 
personnel than appears in the above tables, calculated on a flat 
rate of 33,, for all typaB, 

70. it 16 also ir.tereatlpn; to compare the weight of boaba 
whioh can be carried into the air per fflttt of the flying crew, 
assuming a take off run of ICOC yds. ovur a B0 ft. screen in 
still air:~ 



Total Bomb lift . 



A 
B 

C 
D 



1000 lb : 
8000 lb. 

12000 lb. 

2000U lb. 



! I 'otal crev: . 'VclEht of Bombs 
per inaf. . 



4 
5 
6 
V 



350 lb. 
1600 lb, < 
2000 lb. 
8357 lb. 



44000 lb. 



e 



5500 lb. 



"1 



71, 



It has bean aeoumed chat the nuiiibera of aircraft «h nm 
in column 10 of Appendix 'a' are initial SSSJmSnt aSd tha? 
Typoa A to '0 are orgimised in scurdrons 6n a §®2 of IB I K 

aircraft and Typea and «I3' on ..'be.sio of 6 B ' 

On these assumptions the numbers would ha a B follows;" 

aarons 1?,$40 officers, W.CTa N.C.Ca 
" 0.120 

" a, 241 

n £> : 660 
" 4,369 



Type r A- 


lie 


« 1 B . 


87 


11 l C . 


41 


II .jjl 


40 




21 
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The general 



and airman. 



on unoer th 



that 



personnel required for the 
pease in the oiae of the air 



tne 



economy in flying and :r.a.intcnuuo<? 
bomber fleet increases with an j.nc, 

craft, ( hut that the moat remarkable ii~icrek' 3 e 7n"eeoaorVi3 between 
iypes A ana B , Type h' requires rather more than half 
y lying and maintenance personnel to man the bomber fleet 
are require if Type 'a' in employed. Thereafter with iucreaao in 
olza of the aeroplc-jie them ia a mill hut steaav increase in 
economy in man pewer, 

73, 4 larga reduction in the man pov;er neccaaary to f'ly 
and maintain the bomber fleet ..•ouid have an important hearing on 
the difficult probiom of reserves. This would "be particularly 
noticeable during the nix or seven years iiomediBtoDy follo-ving 
the decision to re-squlp the Air i'orce with the larger bomber- 
jjurinr; this period the nunfoera in tha reserve would he relatively 
much greater, and wojild oover wastage for a longar period. 

74. Tha increased carrying capacity of larger bemberu would 
neceaaitatj an ineraa.se in tha "bomb reserves. Tno following t'ible 
gives eji approximate idea -if what nrueh an increase would be; - 
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Z v • S 3 


6 month reserve 

H.K i 

" Inoendiery 
Uapital oottt 
Annual storage 


:ltrikin;T force eo.v.lpped With typo rrcaoif led. out 
otherwise ac in Oohemt 'K'. 




Type 'H 1 . 


77,350 tone 

AG. 570 " 
£Ki,O00, 000 • 
£P80, 000 . 


243.960 fcona. 

37, 120 " 
&S0. 000,000, 

r.a)aii,ouo. 



With on increase in the bomb reservn to tha tonnage 
.shown in col. 3 of the ahove table, oimpllf ication efl bombs "and 



ducsaatiid efitanllahmente attached aa Appendix '•>'., 



lb, 

c.bovo ali, fufcos, with a resultant decrease in scat, v,ould 
Docomc Important. 

Kcpalr end maintenance . 

76, Tho most rapid form of repair 1b "by replacement of 
components strictly interchangeable, of transportable aizeu 
anc" reoonnably easy to handle. Witt) aircraft of types 'A', 'B' ' 
and 'C' these essentials can ba achieved, With larger aircraft, 
however, a number of difficulties arise. Major componenta muf3t 
be sub-divided; w.b-division leads to complication and involves 
a large increase in the work and time of replacement; inter- 
changeability is difficult to flohlave, and handling entail8 
complicated and urwielcly equipment. In fact, with giant aircraft 
the replacement of major componenta is virtually impracticable, 
anc economy of important spares by salvage cannot be achieved. 

76. Small aircraft can ba repaired under simple schemes not 
involving complicated toola or processes, which can tharefore 

be applied by squadron or station personnel under almost any 
conditions , Very large aircraft, on the other hand, are not 
susceptible to simple repair schemes. They would have to be 
treated in much the same way ao naval vessels, .iach repair would 
nuvo to ba specially evolved and stressed, and could only he done 
by manufacture from materials. 

77, Aircraft of greater size than Tyjje 'C', therefore, 
would causo difficulties vu rogurda repair and maintenance, and 
might necessitate a complete reorganisation cf our existing 
system. 

> 

1 ariufactura . 

70. Vrom the point of view of manufacture the large bomber 
han certain advantngea over the small bomber. These may be 
enumerated an follows: - 

(i) Tho total number of accessories, i.e. bomb sights, 
automatic pilotti etc. la reduced, alnce each 
aeroplane reonires only one net of acoeeoories. 

(il) ''be raimbor of seta of jigs and tool3 for mans producing 
the large bomber v/ill be leso than in tho case of 
the small bombers, 

(lii) The rapid production of small aircraft 1b impeded by 
the imponeibility, owjns to x-estrlctions of space, 
of employing a sufficient number of man on the work 
of installation. With increase of size this difficulty 
is proportionately reduced. 

(iv) An increase of size reduoes the floor space required 
in the factory, i.e* it requires less floor apace to 
build 683 Typo *li' than 13B0 Typ«s 'A' 



79 Vyyn considerations of production, supply nnd maintenance, 
it is essential to reduce the number of bomber types in sarvicu, 
and If po3aible to etandarciiae on one type. The "type selected 
for mans production and general »ue> must be of a size which will 
nchievu th£ required result in tho most econoroionl way from tho 
point of view of supply, maintenance and operational qualities. 
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00. Range and "bomb load are determined by considerations of 
economy and efficiency in operation, and fey the general strategical 
situation in the world in ao far as it can be foreseen for tbe 
period of time during which the aeroylane ie likely to "be in 
service. Taking a Continental v/bp a9 the primary role, the minimum 
bomb load, from the point of view of economical operations should 
be 1,000 lb. and the minimum range should fee 2 5 000 miles with a 
reinforcing range of 2,700 miles. 

81 „ Five types havs been conuiicred in this paper, ranging 
from Type 'A', with an all-up weight of 18,000 lba., to Type 'B', 
with an all-up weight of 160,000 lbs. 

The typa6 which hove been chosen are all either in 
process of design or have formed the subject of study by competent 
designers. The paper is therefore based as far as is possible on 
practical rather than on purely theoretical considerations. 

38. The foregoing paragraphs have shown that, if the bomber 
aeroplane la considered solely as a vehicle for the carrying of 
bombs, an increase In 3ize of the aircraft ie accompanied by a 
general increase in efficiency i.e. the larger the aircraft the 
larger is the percentage of the all-up weight which can bo devoted 
to the bomb load. 

This is. clearly shown in the following tablei- 

Type . All-up Weight . Bo mb Load , Bomb load as 

peroentaflQ of 







the all-up 
weight. 


18,000 Idb. 


1,000 lbs. 




35,000 lbs. 


8,000 lbs. 


23/, 


65,000 lbs, 


18,000 lbs. 


82;S 


80,000 lbs. 


20,000 lbs. 


25> 


160,000 lbs. 


44 , 000 lbs. 


27* 



The most remarkable increeee in efficiency takes place between 
Type 'A' and Type 'JJ* and thereafter the increase is more gradual. 

815. An increase in Bize is also accompanied by greater 
economy in the flying personnel required to carry a given weight 
of bombs, and in the personnel required to maintain the aircraft. 
The speed of the bomber increases flip to an all-up weight of 
80,000 lb, after which It begins to full again. Prom this point 
of view,, therefore, regarding the aeroplane aa a transport vehicle, 
the optimum size would appear to be about 80,000 lb 5 It is, 
however, possible -;hat with the geodetic By stem of construction, 
which is peculiarly Buitod to large aeroplanes of high aspect 
ratio, the optimum size might be 160,000 lbs. or even larger. 

04., The bomber aeroplane cannot, however, be considered 
aolely aa a transport vehicle. Two very important additional 
charact-eriatice are required - it must be capable of taking of.t 
from and alighting on natural surfaoed aerodromes of reasonable 
size (1100 yds. diameter circle), and It must be oapuble of 
reaching its objective end returning home, which involves a 



reasonable capacity for dealing with both A, A. guns (of all aorte) 

and defending fighters. 

85. To deal flrat with the ability to take off from and 
land on normal aerodromes, there la no reason to suppose that 
aircraft up to and Including Type 'C' will he unable to do eo. 

86. With regard to the power of defence, it le clear that 
there la some point at which increase in size la a disadvantage. 
It la easy to use the argument of "reductio ad absurdura" . If an 
aeroplane oould he built which oould carry, Bay, 1000 tons of 
bomba, It is quite certain that we Should lose it very soon, 
probably on the flrat day of war, because the enemy's defence oould 
concentrate against it (it would be worth while ramming it), but 

if we hod 1000 aeroplanes, each capable of carrying one ton, we 
should not lose more than a fraction in the same period. But the 
difficulty is, in practice, to determine the exact alze at which 
the increased fire power of the "bomber begins to be counter- 
balanced by the disadvantages of the reduced number that can he 
built for a given sum. 

87. v/e can say at once, however, that Type 'A 1 is too small. 
It cannot carry power operated nose or tail turretB, nor oan it 
be given a satisfactory downward defenoe. Its fire power is 
therefore bo weak, and it has ao many blind spotB that it must 
fly In formation, and rely for its defence on the supporting fire 
of neighbouring aircraft. The disadvantage of this form of 
defence have been dealt with above. 

8Q 0 The advantages in every wi\y of Type 'B ' ore- Type 'A' are 
very remarkable. Tho bomb lift of the fleet would be increased ' 
from 616 tons to 2,434 tons, the spend would be slightly increased, 
the defensive fire-power greatly improved and the numbers of 
flying and maintenance personnel would approximately be halved. 
The span of eaoh bomber would be increased from 6B/60 ft. to 
80/84 ft., while the number of aircraft, in the fleet would be 
reduced from 1380 to 683. It is somatomes argued that the 
possession of a large number of bombert iB an advantage beoause 
it denies to the defenders the power of oonoentration a.g. that 
against a defending force of 400 f ighteva it would be better to 
have 1380 bombers than to have 683. Thei*e would be more force 
in this argument if the 1380 bombers could operate Blngly, but, 
aB it is, these small bombers muet fly ir formation, liven if they 
fly in the omalleat possible formation, i.e. three aircraft, it 
meanB that 400 fighters will have to deal with 460 missions, whereas 
if Type '13' is employed, capable of operating individually, they 
would have to deal with 683 missions. 

89. A further increase in size to Type 'C' does not show a 
oomparable gain. The total bomb lift of tht! fleet is increased 
from 8434 tons to no more than 2620 tone, and the numbers of 
personnel required are onJ.y slightly reducec . there is also a 
further slight increase in speed. On the other hand the span is 
inoreased from 80/84 ft. to 96/100 ft. and the numbers reduced from 
683 to 490. In addition, Typo *C' is not a lubstantial improvement 
on Type 'B 1 from the point of view of defensive fire power. On the 
whole, therefore, it is clear that Type 'C' hvs insufficient 
advantages over Type 'B' to compensate for tho disadvantage of 
reduced numbers. The same may be said of Typs s 'D 1 and and 
it appears unnecessary to consider them any further. 

90. To sum up, it is clear that the ideal, bomber must be 
large enough to carry an economical load of bocbs with an 
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operational radius of action of 7f.O miles,, at a Siieed high enough 
to maka interception by the contemporary fighters difficult, 
it rmiH > he large enough to provide ;ood facilities for navigation, 
bomb-aimJnn, and W/T communication, and to ;>oseeas a fire power 
sufficient to keep the fighter at v liBtanc«, and It must ha7e 
the smallest ijossible number cf bll-cl spots. a.n order to obtain 
all those qualities mult have a b>mber of about the size of 
Type !>', Any considerable increase beyond t: is size, although 
Itf characteristics aa a bomber and its eoonon.' continue to 
improve up to and including Type ' 0' and possibly Type 'ii', 
introduces a counter-balancing factor in the fo.m of a sharp 
reduction of the numbers that can he obtained fcr a given capital 
siun e 

91, The conclusion therefore Is that, at th<t present time.; 
with the engines which are available and alth our present knowledge 
cf do3. 1 gn nnd construction!, the Type 'B' bomber offers the best 
compromise. Accordingly it is recontnended that the type *B' 
bomber ahjuld be selectod ror niuBa production as the standard 
equipment for the Bomber foroe at home and abroad,, 

'JB, it should be borne in mind, however, that the terms of 
reference for this paper limited our consideration to bombers 
intended for the }. etropoJ itan kit Force, for whloh n rnnge in 
st Hi air of 2000 miles is sufficient. If it should be necessary > 
at a future date, to demand increased rtm*!ea t it would be neoeseary 
to inoreaeo the oize 4 unless rmhstantial reductions in speed and 
bomb loec. could be accepted. This poper hue shown that the larger 
typea of bomber possess certain marked advantages, and It is 
clear that, if the coat of them eoulJ be materially reduced, moat 
of the di -advantages of adopting the^n would disappear. It la at 
least-, poeeible that t,hf> i;eodetlc aysxsin of construction will enable 
this ',o bo done, and for thlo reason,, if for no other, the 
cone 1 tin ions of thin pai t»r should be taken as affecting only the 
I etrvpolltan bomber of the immediate future. 
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operational radiuB of action of 7B0 miles at a speed high enough 
to make interception by the contemporary fighters difficult. 
It must be large enougf to provide ;ood facilities for navigation, 
bornb~ aiming, and w/p communication, and to -joeoeas a fire power 
sufficient to keep the fighter at distance, and tt must hare 
the smallest possible number of bli".i epote . in order to obtain 
all those qualities W« ittiat ha^e a bomber of about the aize of 
Type l b' . Any oonstdorable increase beyond t: is size* although 
ltf characteristics aa a bomber and its oconon.- continue to 
improve up to and including Type *U' and poesioly Type 'li', 
introduces a counter-balancing factor In the fo.-m of a sharp 
reduction of the numbers that can he obtained fc- a given capital 

S'UTU 

91- The conciueion therefore is that, ut th.r present time, 
with the engines which are available and with our present knowledge 
of design and construction, the Type 'B' bomber offers the best 
compromise. Accordingly it i R recommended that the type *B' 
bomber should be selected tor muss production as the standard 
equipment for the Lomber foroe at home and abroad. 

•JSo It should be borne in mind, however, that the terms of 

reference for this paper limited our consideration to bombers 
intended for the B stropo) itan kit l^orce, for which a range in 
stLli air of 2000 miles is sufficient. If it should be necessary, 
at a future date, to demand Increased ranges, it would be necessary 
to inorease the size* unless substantial reductions in speed and 
bomb load could be accepted. This paper hus 3hown that the larger 
typea of bombBr poosees certain marked advantages, and it ie 
clear that, if the cost of them could be materially reduced, moat 
of the disadvantages of adopting them *ould disappear. It ia at 
least possible that the geodetic sysxsm of construction will enable 
this to be done p and for this reason, if for no jther, the 
concluBiona of this paier should be tuken as affecting only the 
i etr-jpolitan bomber of tre immediate future. 
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MOTE : The fuel required to attain a range of 2750 miles at most economical air 

speed would exceed that required for 2000 miles at maximum speed for economic 
eruiBing conditions by amounts varying between 107 glls. for Type 'A' to 135 
glls. for Type 'E' but permanent wing takage for the 2750 miles range could be 
provided without detracting from operational performance. 
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